Density-functional theory (DFT) within local density approximation (LDA) has been carried out for a sequence of hydrated proton clusters. Optimised structures were odtained for n=0, 1 and 3 for ( Key words: hydrated proton clusters, density functional theory, the proton transfer, ab initio methode, intermolecular interactions, hydrogen bond.
INTRODUCTION
The state of a proton in aqueous solution and clusters is of wide interest and the proton. Transfer reaction is one of the most important in chemistry 1 . Proton transfer also plays a very important role in biological processes [2] [3] [4] [5] , however a proper description of such a process is still a major challenge for theoretical chemistry. Advances in theory and the availability of increased computer power have allowed substantial progress to be made for proton transfers in solution 6-8 and clusters 9, 10 .
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In recent months, the methods and techniques of density functional theory(DFT) have advanced remarkably 11 .They show considerable advantages of generality and accuracy with respect to the semiempirical methods and are more rapid than the highly correlated traditional ab initio methods that are required to treat questions of reactivity. They have been used to study small hydrated proton clusters H 2 O +5 12,13 and other hydrogen-bonded systems 14 . The energy barrier to proton transfer was calculated using 12 and compared with the results of other computational methods. A combined ab initio density functional and classical molecular dynamics simulation (DFT CDFMD) 15 is under development to study quantum molecules in solution. It can be applied, in its present state, to calculate the free energy barriers of proton transfer in solution.
Small clusters provide a unique solvent environment, where reaction dynamics can be very different from that in aqueous solution. Recent advances in laser technology and molecular beam spectroscopy allow experimentalists to provide detailed information on the structure of the cluster. High resolution vibration-rotation spectroscopy of the hydrated hydronium ions, e.g., H 5 . However, to our knowledge, except for some earlier results of Newton 17 and unpublished works of Remington and Schaefer 18 , very few ab initio results are available for the optimised structures and vibrational analyses for larger hydrated proton clusters.
In this paper, we report the ground state structures and the vibrational analysis for the hydrated proton the neutral complex ( -OH, H 3 O + )(H 2 O) n. lusters with n=0,1and 3. Few of the method used in ab initio are designed to probe the solvent effects on the energy barriers of proton transfer in the hydrated proton the neutral complex. The aim of our research is to study the effect of the interaction of several bodies on the structure of complex systems in the neutral ( -OH, H 3 O + )(H 2 O) n , with (n = 0, 1, 3). These systems represent great interest in a chemical point of view in the biological field.
The study of these systems, it also provides information on the structure, the number of coordinate hydration and the nature of the routesto from neutral complexes. 3 , with symmetry C s . We will discuss three methods: Hatree-Fok, Moller Plesset perturbation, DFT with the 6-31 + G basis.
The remainder of this article is divided into three parts. The computational method is discussed in Sec.II, results are presented in Sec.III, and our conclusions are briefly summarized in Sec.IV.
Computational Methods
We have computed the optimal geometries and harmonic vibrational frequencies of complex systems in the neutral ( -OH, H 3 O + )(H 2 O) n , with (n = 0, 1, 3).A geometry was considered as optimised when the gradient was less than 0.0001 a.u.
All calculations were carried out in the ab initio 19 molecular orbital ( MO) framework, using basis sets of contracted Gaussian-type orbitals (GTO's). The intergral and SCF programs employed are those recently developed by Hehre and Pople 20 . Wedesired a basis set sufficiently flexible to give reasonable quantitative account of the structure and intermolecular energitics of the system under study while at the same time small enough so that a detailed study of potential energy surfaces of interest might be carried out economically. In preliminary minimal-basis calculations 6-31 + G ** 27 This includes polarization functions on all atoms with different levels; coerenti self-field Hartree-Fock (HF) 21 , the perturbation method of Moller-Plesset (MP) to second order [28] [29] , the density functional method (DFT) [22] [23] [24] [25] [26] [27] [28] calculations with the perdew nonlocal corrections to exchange and correlation give somewhat shorter hydrogen bond lengths.
RESULTS AND DISCUSSION
We studied the influence of hydration of the neutral complex ( 3 which has a C s symmetry, this study has been addressed by methods HF, MP2 and DFT / B3LYP with the 6-31 + G **, all results are grouped in Tables (1,2 3 , with an even symmetry C s (Fig .3) , an energy level -95933.46 k cal / mol for the HF method see (Table 3) .The results are shown in Table 3 and Tables .4. , A comparison with results found in the experimental observation ,also we notice that the DFT method is closed to the experimental 0. 0152 % compared to the HF method by adding water molecule in the complexe. In the comparative study of the hydrogen bond distance of a monomer to monomer donor acceptor complex in the neutral, we find that the distance O....H was reduced by the addition of three water molecules in complex and the energy gets weaker more and more by the addition of water molecule to the complex, it is predicted by the frequency of vibration.
We can conclude that this study has provided information on the structure, number of coordinat hydration and nature of the neutral complexes bonds, and our results give an excellent agreement with experimental values.
